Although numerous workers, especially Northrop and DeKruif (1922) and Winslow, et al. (1923 and , have studied the influence of electrolytes upon the electrophoretic migration velocity of bacteria by washing them free of their metabolic products and suspending them in solutions of the electrolytes, little attention has been given to the effect upon electrophoretic potential of electrolytes incorporated in the culture medium. This is more than a little strange, for it is well known that certain electrolytes, when added to the culture medium, will induce bacterial dissociation or variation which may be recognized readily by alterations in virulence, toxigenicity, agglutinability, etc., alterations which in turn may be accompanied by measurable differences in the electrophoretic migration velocity of the organisms. These considerations suggested that it would be profitable to determine the effect upon the electrophoretic migration velocity of bacteria by varying the electrolyte content of the culture medium. In a previous report (1938) we showed I Based on portions of a thesis presented
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RALPH P. TITTSLER AND GEORGE PACKER BERRY that the migration velocity of Escherichia coli "remained constant during serial cultivation on a wide variety of culture media differing qualitatively and quantitatively in their organic ingredients." The present paper gives the results of the investigation which was made to ascertain the effect of differences in the inorganic composition of the culture medium upon the electrophoretic potential of Escherichia coli.
MATERIALS AND METHODS
Culture media. For the present investigation 29 different culture media were used. In their preparation the ingredients were made to vary both qualitatively and quantitatively. The composition of each medium is recorded in table 1, where each different combination is given a key number for convenience of designation in this report. These numbers begin at 36, numbers from 1 through 35 having been used in a previous paper (1938) .
The agar and peptone employed were Difco products, the carbohydrates Pfanstiehl preparations. The sodium, lithium and calcium chlorides, and the sodium phosphates were "Baker's Analyzed Chemicals."
Media numbers 36 to 43, inclusive, were adjusted by adding either hydrochloric acid or sodium hydroxide to give a series of pH values from 5.0 to 8.3.
Procedures. With the exception of the composition of the culture media, the materials and methods, i.e., the sterilization and storage of culture media, the test-organism, the inoculation and incubation of cultures, the preparation of bacterial suspensions for electrophoresis, the electrophoresis apparatus and the measurement of the electrophoretic migration velocity, were the same as those described in our previous paper (1938) . Thus, only certain points need to be mentioned here.
The test organism, Escherichia coli, was cultivated on each of the various media listed in table 1, except numbers 44 to 48, inclusive, for 10 serial transfers at 24-hour intervals. A "stock" series of cultures, carried continuously on standard nutrient agar with transfers every 24 hours, provided a uniform starting point for each experiment with each of the media. To provide the 6.8-7.1 6.8 6.9 6.9 6.9 6.9 6.9 6.9
for from 12 to 15 hours, the bacteria were removed from the agar, washed three times in double-distilled water, resuspended in double-distilled water, and used for electrophoretic measurements. Mudd's modification of the Northrop-Kunitz microscopic electrophoresis apparatus was used. The migration velocity of 60 or more bacteria in each suspension was determined. The values reported are the average number of seconds required for the bacteria to be moved a distance of 340 microns under the influence of a potential gradient of 3.5 volts per centimeter.
RESULTS
The electrophoretic migration velocity of Escherichia coli, when measured under strictly uniform conditions, was found to be constant regardless of qualitative or quantitative differences in the electrolyte composition of the culture medium, with the exception of cultures which were grown, on media containing lithium chloride. It was also constant during serial cultivation on all of the various media. Obviously, the migration velocity was not exactly the same for all of the 175 suspensions of bacteria. The differences, however, with the exception just noted, were so small that they must be attributed to experimental error. Furthermore, they did not parallel either the differences in the composition of the culture medium or the progress of serial cultivation. On the other hand, the differences between the velocity of bacteria grown on media containing lithium chloride and that of bacteria cultivated continuously on nutrient agar were slightly greater than the experimental error and, moreover, they paralleled the concentration of the lithium chloride.
The results of the electrophoretic measurements made with bacteria grown on media 36 to 43, inclusive, adjusted to give a series of pH values from 5.0 to 8.3, are recorded in table 2. It is evident that the migration velocity was not affected by differences in the initial pH of the culture medium.
Almost identical results were obtained with bacteria grown without serial passage on peptone agar, number 40, and on peptone agar which contained 1.0 per cent of one of the following carbohydrates, glucose, lactose, sucrose, salicin, and mannitol (numbers 44 to 48). In fact the greatest difference between the average migration velocity of bacteria grown on any of these carbohydrate media and any average value given in table 2 was less than 5 per cent. The pH values of the carbohydrate media after the growth and removal of the bacteria were as follows: peptone, sucrose and salicin agars, pH 7.7; mannitol agar, pH 6.5; lactose agar, pH 6.1; and glucose agar, pH 5.7.
The migration velocity of bacteria cultivated on a medium containing sodium phosphates, number 49, was the same as that of bacteria grown on media 36 to 48, inclusive. The results of migration velocity measurements made with bacteria which had been grown on media containing various concentrations of lithium chloride are given in table 4. It is evident that no change occurred during serial cultivation, but the values for the bacteria from the media containing 0.250 and 0.125 M lithium chloride are 15 and 10 per cent lower than the control, and there is a sequence of decreasing values accompanying the increased concentration of lithium chloride in the medium. The differences are so consistent, and of such magnitude in the case of 0.250 and 0.125 M concentrations that they are significant. Although the values reported for the 0.25 M concentration represented the migration time of the majority of the bacteria, it was noted that 10 or 15 per cent of the bacteria were moved much faster. The value for these cells was approximately 5.0 or 5.2 seconds, thus their velocity was about 25 per cent faster than that of bacteria from the control medium. These few data indicate that the electrophoretic migration velocity was increased (lower 
DISCUSSION
To determine whether or not the electrophoretic potential of bacteria is irreversibly altered by variations in the composition of the culture medium, it is necessary to eliminate factors other than changes in the bacteria themselves which influence the electrophoretic migration velocity and to measure the rate of migration under strictly uniform conditions. It is especially necessary to eliminate completely any electrolyte carried over with the bacteria from the culture medium, because even traces in the suspending medium will produce enormous changes in the migration velocity. The procedure employed in this investigation, and described in our previous paper (1938) , was designed to meet these requirements.
The results obtained serve to indicate that the presence of certain electrolytes in the nutrient medium does not produce a permanent change in the electrophoretic potential of bacteria. This is certainly true for media adjusted to various initial pH values or altered in pH during the fermentation of carbohydrates, and for media containing either sodium phosphates or sodium chloride.
In view of the general uniformity of the values obtained with bacteria grown on media containing various concentrations of calcium chloride and washed four times, it appears that the only conclusion which can be reached at present is that the electrophoretic potential was not permanently affected. This con-clusion assumes, of course, that the irregular velocities obtained in some instances with the thrice-washed bacteria were due to the incomplete removal of calcium chloride during washing. Pedlow and Lisse (1936) reported variations as great as 33 per cent in the migration velocity of bacteria grown in a medium containing 0.1 M calcium chloride and washed once. Their data also show clearly the effect of repeated washing on the migration velocity of bacteria grown in a medium containing 0.01 M calcium chloride. The velocity of bacteria washed three times was 25 per cent greater than that of bacteria washed once, and 125 per cent greater than that of bacteria removed from the nutrient medium and suspended in distilled water. The velocity increased progressively with the three washings and remained constant thereafter. When washed three times, the velocities of bacteria grown in the presence of either 0.01 M calcium chloride or 0.5 M sodium sulphate were practically the same as that of bacteria from the control medium. Thus, they concluded that "the salts had produced no irreversible change in the nature of the bacterial surface." From the results of another portion of their investigation, they concluded that "the electrophoretic mobility can be increased or decreased by the presence of certain salts in the growth medium." In this instance, however, the bacteria were washed only once. We believe, therefore, that the changes which they reported in the migration velocity were caused by the presence of electrolytes carried over with the bacteria.
As pointed out previously, the increased migration velocity recorded in the present investigation for bacteria grown in the presence of lithium chloride suggests that the bacteria were irreversibly changed. The data, however, are not sufficient to warrant a definite conclusion at the present time, but suggest that further investigations might profitably be carried out.
When cations, especially hydrogen ions, are added to suspensions of washed bacteria, a marked decrease in the migration velocity of the cells follows, sometimes resulting in a condition of isopotential or even complete reversal in the electrophoretic potential of the bacteria. Since the presence of certain electrolytes in the culture medium has been found to produce no on September 23, 2017 by guest http://jb.asm.org/ Downloaded from change in the migration velocity of thoroughly washed bacteria, the depressant effect of cations on the electrophoretic potential must be caused either by changes in the suspending medium or by a reversible influence upon the cell itself. Hence the question, whether the depressant effect of all cations be abolished upon their removal from the suspending medium or whether an irreversible change in the cell had been produced. If the latter possibility be true, it may be asked further, whether the change be limited to the surface of the cell, or be within the cell. If the depressant effect of all cations be reversible, it follows that their presence in the nutrient medium does not change the electrophoretic potential, provided that they are completely removed from the cells and the suspending medium. It may be true, however, that the effect on the electrophoretic potential of some cations is reversible, while that of others is irreversible. The results of this investigation indicate that the effects of hydrogen, sodium, and calcium ions are reversible, while those of lithium may be irreversible. Pearce, et al. (1935) could detect no permanent effects from low concentrations in the nutrient medium of sodium chloride, calcium chloride, aluminum chloride, sodium phosphate, or sodium sulphate. Pedlow and Lisse (1936) found the effects of sodium sulphate and calcium chloride to be reversible.
SUMMARY
The electrophoretic velocity of Escherichia coli, when measured under strictly uniform conditions, remained constant during serial cultivation on a variety of nutrient media differing quality. tively and quantitatively in their inorganic ingredients, with the probable exception of cultures which were grown on media containing lithium chloride. Further observations are needed to determie definitely the effect of this salt.
The constant electrophoretic velocity of the bacteria is considered to constitute strong evidence, but not necessarily proof, that the physico-chemical composition of cells was not permanently changed by variations in the culture medium, and that the effects of the cations studied, other than lithium, upon the electrophoretic potential of bacteria are reversible.
